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(54) AMINATED POLYSILAZANE AND PROCESS FOR THE PREPARATION THEREOF 

(57) An amine residue-containing polysilazane having a number average molecular weight of 100-100.000 and hav- 
ing a molecular chain containing a silazane structure represented by the general formula (I) shown below and/or a sila- 
zane structure represented by the general formula (II) shown below: 
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^ wherein R and R each stand for hydrogen a hydrocarbyl group or a hydrocarbyl group-containing silyl group. A and 

0 A each stand for a divalent hydrocarbyl group, B stands for an N-hydrocarby! group-substituted amine residue or a 

O cyclic amine residue, B 2 stands for a divalent linear amine residue or a divalent cyclic amine residue and p and q are 

^ each 0 or 1 The above polysilazane may be obtained by reacting a polysilazane with a mono- and/or dihydroxyl com- 

Q_ P° und having an amine residue in an inert organic solvent containing no active hydrogen 
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Description 

Technical Field 

5 [0001] This invention relates to an amine residue-containing polysilazane and a method of preparing same 
Background Art 

F00021 A f*"^lwcih7'anc Kpi*A^ . r- „. ,^ _* _ _i _ i: _ , , , 

t *.j .-^ r~'j^"~^"<<^- "tdifc y , ,o wnvci icu M nu siii^cj ui o biuceuub suDstance inereinaner simpiy referred to 

io as Si0 2 substances). 

[0003] The Si0 2 substances thus formed have excellent insulating properties and are utilized in the electric and 
electronic fields as an insulating film. 

[0004] Known potysilazanes, however, have a drawback because, without being modified, conversion rate thereof 
to Si0 2 substances is low and because a high calcination temperature is required for the conversion thereof into SiO ? 
15 substances. 

[0005] To solve the above problems, such a proposal has been made that a polysilazane is reacted with a reactive 
compound as a modifying agent to form a modified polysilazane. 

[0006] JP-A-H6-128529 proposes a modified polysilazane obtained by reacting a polysilazane with an 
alkanolam.ne represented by the general formula: NH n (ROH) 3 _ n (where R is an alkyl group and n is an integer of 0-2). 
20 [0007] In the case of this modified polysilazane. however, it is necessary that a polysilazane be reacted with an ami- 
noalcohol in the form of a methanol or ethanol solution, because of strong hydrophtlicity of the aminoalcohol On the 
other hand, methanol and ethanol are highly reactive with polysilazanes and can easily decompose the polysilazanes 
Therefore, an addition of a large amount of an alcohol to a polysilazane causes problems that the siliceous substance 
films obtained by calcination of the polysilazane films have a reduced density. 

[0008] It is an objective problem of the present invention to provide a method of modifying a polysilazane with an 
amine residue-containing hydroxyl compound without using a lower alcohol such as methanol or ethanol and an amine 
residue-containing polysilazane obtained by such a method. 
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30 


Disclosure of the Invention 

[0009] According to the present invention, there is provided an amine residue-containing polysilazane having a 
number average molecular weight of 100*1 00,000 and having a molecular chain containing a silazane structure repre- 
sented by the general formula (I) shown below and/or a silazane structure represented by the general formula (II) shown 
below: 

R 1 R 2 


4 ° fr-Sl N -} — (I) 

i 

O (A) p - B 

45 

wherein R 1 and R 2 each stand for hydrogen, a hydrocarbyi group or a hydrocarbyi group-containing si!y! group A stands 
for a divalent hydrocarbyi group, B stands for an N-hydrocarbyl group-substituted amine residue or a cycliVamine resi- 
due and p is 0 or 1 with the proviso that p is 1 when B is an N-hydrocarbyl group-substituted amine residue and that p 
is 0 when B is a cyclic amine residue, 
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^_ Si N ~) — (II) 

1 i 

O (A) p - B - (A 2 ) q — O 

wherein R 1 and R 2 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group. A and 
A each stand for a divalent hydrocarbyl group, B 2 stands for a divalent linear amine residue or a divalent cyclic amine 
residue and p and q are each 0 or 1 wtfh the proviso that p and q are each 1 when B 2 is a divalent linear amine residue 
and that p and q are each 1 or 0 when B is a divalent cyclic amine residue. 

[0010] The present invention also provides a process for the preparation of an amine residue-containing polysila- 
zane having a number average molecular weight of 100-100.000 and having a molecular chain containing a silazane 
structure represented by the general formula (I) shown below: 

R 1 R 2 


(I) 

O ( A) p - B 


wherein R and R each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group, A stands 
for a divalent hydrocarbyl group, B stands for an N-hydrocarbyl group-substituted amine residue or a cyclic amine resi- 
due and p is 0 or 1 with the proviso that p is 1 when B is an N-hydrocarby! group-substituted amine residue and that p 
is 0 when B is a cyclic amine residue, 

comprising reacting a poiysiiazane having a molecular chain containing a silazane structure represented by the general 
35 formula (III) shown below: 


R 1 R 2 
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(III) 
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wherein R 1 . R 2 and R 3 each stand for hydrogen a hyWrocarby' group or a hydrocarby! group containing sih' 
the proviso that at least one of R 1 and R J represents hydrogen, 
with an amine residue-containing monohydroxyl compound represented by the general formula (!V) shown below: 

HO— (A) p .B (IV) 

wherein A. B and p have the same meaning as above, 
in an inert organic solvent having no active hydrogen. 

[0011] The present invention further provides a process for the preparation of an amine residue-containing poiysiia- 
zane having a number average molecular weight of 100-100,000 and having a molecular chain containing a silazane 
structure represented by the general formula (II) shown below: 
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15 


wherein R 1 and R 2 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group. A and 
A 2 each stand for a divalent hydrocarbyl group, B 2 stands for a divalent linear amine residue or a divalent cyclic amine 
residue and p and q are each 0 or 1 with the proviso that p and q are each 1 when B 2 is a divalent linear amine residue 
and that p and q are each 1 or 0 when B is a divalent cyclic amine residue, 

comprising reacting a polysilazane having a molecular chain containing a silazane structure represented by the general 
formula (III) shown below: 


20 


25 


R 1 R 2 


R 3 


Si — N -) — (III) 


wherein R 1 , R 2 and R 3 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyi group, with 
the proviso that at least one of R 1 and R 3 represents hydrogen, 
30 with an amine residue-containing dihydroxyl compound represented by the general formula (V) shown below: 


HO — (A) p - B 2 -(A 2 ) q — OH (V) 

wherein A, B", p and q have the same meaning as above, 

35 in an inert organic solvent having no active hydrogen. 

[0012] The polysilazane used as a reaction raw material in the present invention is known per se and contains in 
its molecular chain a silazane structure represented by the above general formula (III). In the general formula fill), R 1 . 
R^ and R J each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group, with the proviso 
that at least one of R 1 and R 3 represents hydrogen. The hydrocarbyl group includes an aliphatic hydrocarbyl group and 

40 an aromatic hydrocarbyl group. The aliphatic hydrocarbyl group in turn includes linear and cyclic hydrocarbyl groups. 
Examples of the hydrocarbyl groups include an alkyl group, an alkenyl group, a cycloalkyl group, a cycloalkenyl group, 
an aryl group and an arylalkyl group. The number of the carbon atoms of the hydrocarbyl group is not specifically limited 
but may be generally 20 or less, preferably 10 or less. Especially preferred is an alkyl group having 1-6 carbon atoms, 
more preferably 1-2. In the hydrocarbyl group-containing silyl group, the hydrocarbyl group preferably has 1-10 carbon 

j.5 atoms and, more preferably, is an alky! group having 1-6 carbon atoms The number of the hydrocarbyl groups bonded 
to St is 1-3 

[0013] The polysilazane used for the purpose of the present invention may possess a linear, cyclic or crosslinked 
structure. A mixture of these polysilazanes may also be used Further the polysilazane used for the purpose of the 
present invention may be a non-modified polysilazane or a polysilazane modified with a modifying agent such as an 
so organic acid, an isocyanate, an amine, a palladium compound or a platinum compound. The number average molecular 
weight of the polysilazane is 100-100,000, preferably 300-5,000. 

[0014] The modifying agent used in the present invention is an amine residue-containing hydroxyl compound of the 
above formula (IV) or (V). 

[0015] In the amine residue-containing monohydroxyl compound of the above formula (IV), A stands for a divalent 
55 hydrocarbyl group, B stands for an N-hydrocarbyl group-substituted amine residue or a cyclic amine residue and p is 0 
or 1 with the proviso that p is 1 or 0 when B is a cyclic amine residue. 

[0016] The divalent hydrocarbyl group A includes a divalent aliphatic hydrocarbyl group and a divalent aromatic 
hydrocarbyl group. The divalent aliphatic hydrocarbyl group in turn includes linear and cyclic hydrocarbyl groups. Exam- 
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20 


, h y dr ° ca *yl groups include an alkylene group, an alkenylene group, a cycloalkylene group a 

hvHrnra h ^ ™ ^ ^ ™* ar y' alk y fene ^ The number of the carbon atoms of the divalent 

hydrocarbyl group ,s not spec.fically limited but may be generally 20 or less, preferably 10 or less Especially preferred 
is an alkylene group hav.ng 2-10 carbon atoms, more preferably 2-8 especially preferred 

sauted am ^^ h H ydr0C TK byl ^ rO T SUbSt ' tUted am ' ne reS ' dUe B inC ' UdeS m ° n ^ubst,tuted amine residues and disub- 
st,tu ed amine residues. The N-substituted am,ne residues include linear amine residues or cyclic amine residues In 

Z o^l:^ i^ThTt: 8 - ,he K r rocarbyi group mc,ijdes an ai,phatic w*****™? and 
^S^^ turn ,nciudes ,inear and cyc,ic ^ <* 

^ 1 ' -- -J g -' f - e a " a-K/. a-uH, ci, c^eny, group, a cycioalkyl group, a cycloalkenyl group an aryl group 

ge er llvlo or e 9 s r s U n f ^ at ° mS ° f ^ hydr ° Carby ' gr ° UP ' S n0t specifically limited butmay e 

generally 20 or less, preferably 1-10. more preferably 1-3 

f00 f 18J ui 'V^u? 0110 am ' ne residues ' ,he number of car bon atoms contained in the nitrogen-conta,n,ng ring is 3-20 
preferably 4-8. w e the number of nitrogen atoms contained in the nitrogen-containing ring is 1-3 Illustrative of cyclic 
amines are pyrrolidine imidazoline. 3-N-methy<,m,dazo„dine. imidazoline, pyrazolone, 2 N -methyl pyrazol, dine p'pe- 

a ZroZ^^ T thylp,pe : a2ine ' ,ndoline and isoindohne. In the cyclic amine residues, the bond may be from 
a nitrogen atom (-N) or from a carbon atom (-C). 

[0019] When B is an N-hydrocarbyl group substituted amine residue in the monohydroxyl compound represented 
by the above general formula (IV). the hydroxyl compound may be represented by the following formula' 

R 4 

HO - A - (VI) 

V 


25 


" h . ,he f ° rmU ' a (VI >" A IS aS defined above and R4 R 5 each represent a hydrogen atom or a hydrocarbyl 
group which may be as described above. yu.u^iuyi 

™ In«i , Th f 6 n r be . r , ° f Carb ° n at ° mS contained in the monohydroxyl compound represented by the formula (VI) is 
so at least 3. preferably at least 4. more preferably at leas, 6 The upper limit of the carbon number is about 30 Illustrative 
of such monohydroxyl compounds are N-methyl(or N,N-dimeth y l) P ropanolamine. N-meth y l(or N N-dimethyl)hex- 
Z !H7\ h" y ( ° r N ^ di ™W>o«anol.min.. N-methyl(or N,N-dimethyl)dodecano.amine. N-methyl oT N N- 
d.methyl,octadecano amine. N-methyl(or N.N-dimeth y l)ole y l alcoholamine, N-methyl(or N.N-dimethyncyclohex- 
35 N N dimath n ^ f l^™ 1 ™**"^' alcoholamine, N-meth y ,(or N.N-dime,h y l)phenolamine, N m e h y jo r 
35 NN-dimehyOnaphtholamme. N-eth y i(or N.N-dieth y l)ethanolamine, N-pro Py l(or N,N-diprop y l)ethanolamine N- 
c y clohex y iethanolamine and N-benz y iethanolamine. ' ™ 

aHn?L f '""f^w 6 ° f c o 0m P° unds in whlch N ls 3 ^ amine residue in the monohydroxyl compound of the above 
general formula (IV, are 2-im.dazolidinylethanol. 4-imidazolinylethanol. 1-pyrazolidinylethanol. 2-pyrazolidinylethanol 
<o „Z^71Z \ 2 -r end ^ iethan ° l N - me th y i-2-piperidin y ,ethanol, N-meth y ,-4- P iperidin y lethanol, 1-pteraz 
7 h ? o 4 - N - m f th y M -P | P e razinyle«hanol. indolinylethanol, isoindolinylethanol, N-meth y l P yrrolidinol N-methylpyra- 
zohdinol, 2-pipendmol and N.N-dimethyl-2-piperazinol. metnyipyra 

resfnL h^Vf**' 8 ? amin !. residue of the ^hydroxy! compounds of the above general formula (V) may be rep- 

hereTm/v h " R " 8 hydr08e " at0m °' * 9roup). Divalent cychc amine residues 

45 bondfnMh y va nous groups derived from various kinds of cyclic am.nes exemplified above. In this case, the two 
45 bonds of the cyclic am.ne residues may be from nitrogen atoms ( N and -N) from carbon atoms (-C and -C) or from 
nitrogen and carbon atoms (-N and -C). ' 

I^otl,,/^ ""IT* res,du u e - containin g Po'ysilazane according to the present invention may be obtained by reacting 
a polysilazane with a monohydroxyl compound represented bv the above general formula /V ~ a ^ * .., l" 9 

so iTeZllTIT* 96neral f ° rmU,a (V> ' n 3 reaCt ' 0n S ° ,Vent Wh ' Ch ' S a " ™ ^ so^nThavm^: 

[0025] Examples of the inert organic solvent include aromatic hydrocarbons such as benzene toluene xylene 
^T^LT*^™*™ trieth y ,benzene: a " c V clic hydrocarbons such as cyckihian.! 
and ^ sa^ated Z^T* eth ^ Cioh ***™ ™thylcyclohexane. p-men.hane and dipentene (iimonene); 

55 octane n nnn a n y S T 35 n " Pentane - -P entane ' n ' hexane ^exane. n-heptane. i-heptane. n-octane. !- 

55 octane, n-nonane, i-nonane. n-decane and i-decane 

So ■> iIT a 2 b ° Ve T ^ eaCt,0n ,s carned out af a temperature of 0-200»C. preferably 0-50^C under 0-10 kg/cm^G pref- 
erably 0-2 kg/cm G. The concentration of a polysilazane ,n the reaction solvent is 0.1-50 % by weight, preferably 1-10 
/o by weight. The amount of the mono or dihydroxyl compound is 0.01-50 % by weight, preferably 0 1-10 % by eight 
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based on the polysiiazane. 

[0027] The hydroxy! compounds of the above general formulas (IV) and (V) which are hydrophobic, can be dis- 
solved in the above hydrocarbon solvent and can be reacted smoothly and homogeneously with the polysiiazane. Thus 
the amine residue-containing polysiiazane according to the present invention can give a high density calcined film when 
5 a film thereof is calcined, because, unlike a polysiiazane obtained by the conventional method using a lower alcohol as 
a reaction solvent, no decomposition of the polysiiazane by reaction with a lower alcohol occurs The siliceous film 
obtained from the polysiiazane film of the present invention has generally a density of 1 5-2.3 g/cm 3 - preferably 1 .8-2.3 
g/cm 3 . 

[0028] The amine residue-containing polysiiazane according to the present invention may be converted into a hign 
io purity siliceous film when formed into a film and calcined in air. The calcination temperature is 50-700 c C. preferably 50- 
100°C. Thus a very low temperature may be adopted. Accordingly, the use of the polysiiazane of the present invention 
permits the formation of dense siliceous thin films even on a low heat-resisting material such as plastic, wood or paper 
[0029] For the conversion of a polysiiazane film into a high purity siliceous thin film, the presence of steam is 
required. High temperature steam of 200°C or more is disadvantageous because semiconductors and liquid crystals 
15 are adversely affected thereby. Since a thin film formed of the polysiiazane of the present invention is high in a rate of 
conversion into silica, an extremely lo steam vapor pressure can be adopted for converting the film into silica. In the 
case of the present invention, a high purity siliceous film may be efficiently obtained by pre-calcination in air (containing 
water vapor) at a low temperature of 200°C or less, followed by calcination under a drying atmosphere at 200 C C or 
more. 

20 [0030] Since the modified polysiiazane according to the present invention has not experienced reactions resulting 
in a reduction of its molecular weight during the modifying stage, the content of low molecular weight polysiiazane com- 
ponents is small. Further, since the speed of conversion thereof into silica is high, conversion of low molecular weight 
components into high molecular weight components proceeds rapidly when the polysiiazane is formed into a film and 
calcined. No polysiiazane vapors are generated during the calcination stage. Thus, the yield of the silica thin film is high 

25 Additionally, since no polysiiazane vapors are formed, various problems which would otherwise occur can be avoided 
[0031] The following examples will further illustrate in detail the present invention. Reference Example 1 

Preparation of Perhvdropolvsilazane: 

30 [0032] In a 2L four-necked flask equipped with a gas feeding pipe, a mechanical stirrer and a Dewar condenser. 
1500 ml of dry pyridine was placed after the inside of the reactor had been replaced with dry nitrogen and then cooled 
with ice. Dichlorosilane (100 g) was added to the flask to form an adduct (SiH 2 CI 2 * 2C 5 H 5 N) in the form of a white solid 
The reaction product was cooled with ice and 70 g of ammonia was blown in the cooled reaction product. Subsequently, 
dry nitrogen was biown in a liquid layer of the reaction product for 30 minutes to remove excess ammonia therefrom. 

35 The thus obtained product was filtered under vacuum using a Buchner funnel in the atmosphere of dry nitrogen to 
obtain 1200 ml of a filtrate. Pyridine was distilled off with an evaporator to leave 40 g of perhydropolysilazane. 
[0033] The number average molecular weight of thus obtained perhydropolysilazane was measured by GPC 
(developer: CDCI3) and was found to be 800 in terms of polystyrene. It was confirmed that the IR (infrared absorption) 
spectrum showed absorptions attributed to N-H at waver numbers (cm" 1 ) of about 3340 and 1200; an absorption attrib- 

40 uted to Si-H at 2170; and an absorption attributed to Si-N-Si at 1020-820. 

Example 1 

[0034] Into a 300 ml glass beaker were introduced 20 g of perhydropolysilazane obtained in the above Reference 
**5 Example 1 and 80 g of xylene to form a polysiiazane solution. Next. 1 .0 g of N methylethanclamine was mixed with 20 
g of xylene and the mixture was stirred well This mixture was added s'owly dropwise to the above polysiiazane solution 
through about 5 minutes with vigorous stirring. The reaction was found to proceed mildly exothermally with generation 
of a gas. 

[0035] The number average molecular weight of thus obtained polysiiazane was measured by GPC and was found 
so to be 1000 in terms of polystyrene The IR (infrared absorption) spectrum showed an absorption at a wave number (cm" 
1 ) of 2800-3100 attributed to N-H in addition to absorptions characteristic to polysiiazane, namely absorptions at wave 
numbers (cm* 1 ) of about 3370 and 1180 attributed to N-H, absorptions at 2170 and 840 attributed to Si-H, and an 
absorption at 1060-800 attributed to Si-N-Si. The 1 H-NMR spectrum (solvent: a mixture of xylene:CDCJ 3 = 1:2 (by 
weight); concentration of perhydropolysilazane 10 % by weight) revealed the following peaks' 

55 

4 5-5.3 ppm (1H). assigned to Si-H1 
4 3-4 5 ppm (1H), assigned to Si-H3 
0.4-1.9 ppm (1H). assigned to N-H 
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2.5 ppm (1H). assigned to -N-CH 3 
2.7-2.8 ppm (1H), assigned to CH 3 -NH-CH 2 -CH 2 - 
3.7-4.0 ppm (1H). assigned to CH 3 -NH-CH 2 -CH 2 - 
2 0-2.6 ppm (attributed to xylene used as solvent) 


Example 2 
[0036] 


w 


15 


20 g of xylene and the m.xture was stirred J»n Th,.T™ T"""' y u ' ,N ^'methylethanolamme was mixed with 

') of 2700-3100 alt,ib U ,.d o c"h in addlln ^ h 7 * PeC " Um » b »'P'»" « a »a»e numb., (cm 

absorption at 1060-800 attributed to Si-N-Si aosorptions at 2170 and 830 attributed to Si-H. and an 

Example 3 


20 


30 


of a gas. 9 ^ The reaC "° n W3S foUnd !o P roceed mildly exothermally with generation 

1 ) of 2700-3100 attributed o in adl ! " ™ absor P t,on at a wave numberfcm 

numbers (cm-, of about 3370 a d "TZ^Xl T**™*' '° P °' ySilaZane ' namel V absorptions at wave 
absorption at 1060-800 attributed to S N S T absorpt.ons at 2170 and 830 attributed to Si-H. and an 


Example 5 
[0040] 


35 


40 


Example 1 'Z^^^TZj^Z* "^t^TT*^ >" ^ Reference 

of xylene and the rZ*nZ^ ^"JT^™™ S ° IUI, ° n Next ' 10 9 ° f N-methylpyrrolidino. was mixed with 20 n 
through about 5 rn^™^.^"^™ ^ S,0W, V dr °P— to the above polysilazane solution 
of a gas. ' 9 ~'~~ ° a> ' edCtl0n was round t0 P roc ^d mildly exothermally with generation 

toTelo .n T i:™X^.T.7R ^ 0 abs h o US TT" *" by GPC and ™ ^ 

1 ) of 2700-3100 attributed to C H in addition Tl ^J^l SpeC,rum showed an absorption at a wave number (cm- 
numbers (cm-i, of about 3370 and 1 180 ^S^ThTT**™** * na ™^ absorptions a, wave 
absorption at 1060-800 attributed to S nM N " K abs0rpt,ons at 2170 and 830 attributed to Si-H. and an 


absorption at 1060-800 attributed to Si-N-S 
■is Application Example 1 


50 


55 


ured for its physical properties ,n the manner shown below. The results are summarized in fable 1 
Formatipn of Fil m qpd Co nversion info Siliceous Film - 

S by dissolved ,n xylene to form 

th,ckness of 0.5 mm (1000 rpm 2 Tsec d S ) The coTedTrT ° ° " ™ haVm9 3 d ' ame,er ° f 4 inches and a 

three Silica Conversion CondTions ( l'(3) " ' n, ° " S '" Ca ""^ MCh ° f * e f ° ll0Wing 

(1) held for 10 minutes in a thermo-hygrostat at 90°C and a relative humidity of 80 %. 
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(2) maintained on a hot plate at 200 C C for 3 minutes in air (25 r C. relative humidity 40%) and then calcined at 40 r C 

(3) allowed to stand in air (25 C C relative humidity: 40%) for 24 hours 

Silica Conversion Rate 

5 

[0044] Determined by IR spectrum. 

A substantially completely converted 
B: almost completely converted 
io C: not completely converted 

Film Density : 

[0045] A silicon wafer having a diameter of 4 inches and a thickness of 0.5 mm was weighed with an electronic force 
15 balance. The perhydropolysilazane solution or amine residue-containing polysilazane solution was applied with the 
above spin coater onto the silicon wafer and then converted into silica. The wafer having the film was again weighed 
with the electronic force balance The weight of the film was a balance between the weighed values The thickness of 
the film was measured with a profilometer (Dektak MA manufactured by Solan Inc.). The film density is calculated by the 
following formula: 

20 

Film Density [g/cm 3 ] = (Film Weight [g] / Film Thickness [urn]) / 0.008 
Etching Rate (Denseness ): 

25 [0046] Wafer having a siliceous film was immersed in an etching liquid which was a mixture of 100 ml of 60 % by 
weight nitric acid and 1 ml of 50 % by weight fluoric acid for 2 minutes. The thickness of the film before and after the 
immersion was measured with an ellipsometer, from which an etching rate per minute (A/min) was calculated. 

Smoke : 

30 

[0047] Whether or not a smoke was generated when the sample was placed on the hot plate at 200°C under the 
Silica Conversion Condition (2) above was observed with naked eyes. 

35 


Example 

1 

2 

3 

4 

5 

Ref. Ex. 1 

Silica Conversion Con- 
dition (1) 







Silica conversion rate 

A 

A 

A 

A 

A 

C 

Film density (g/cc) 

2.2 

2.1 

2.1 

2.2 

2.2 

1.4 

Etching rate (A/min) 

1200 

1300 

1200 

1200 

1100 

>10000 

Silica Conversion Con- 
dition (2) 







Silica conversion rate 

A 

A 

A 

A 

A 

C 

Film density (g/cc) 

z o 

z z 

z o 

z o 

z.o 

1.8 

Etching rate (A/min) 

900 

1100 

1000 

900 

900 

3000 

Silica Conversion Con- 
dition (3) 







Silica conversion rate 

B 

B 

B 

B 

B 

C 

Film density (g/cc) 

2.0 

1.9 

2.0 

2.1 

2.0 

1 4 

Etching rate (A/min) 

2800 

3500 

2600 

2500 

3000 

>10000 
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0048] ,he amine res,due-conta,n,ng polysilazane according to the present ,nvent,on does not require a highly 
c a utTh° Wer ? k SUCh ^ ethan °' dUnn9 " S manufacture and - th ^. -s ^e of deterioration of the polysilazane 
oo ZUl ZT" I"" PO,yS " a2ane and 3 l0wer alcoh °' ^ -Nceous film obtained by calcination of the 

on v h T mVentl0n 3 h ' 9h denS " y and d08S n0t under 9° evaporation of ,ow molecular we,gh, 
polysilazanes during the calcination. y ' 

[0049] The amine res,due-conta,mng polysilazane according to the present invention can be converted into a sili- 
ceous substance by calcination at 400<C or less, especially a low temperature of 100=C or less 

[0050] The am,ne residue-containing polysilazane according to the present invention may be used utilized for var; 
ous applications similar to the convpntinnsi ™iw*. i, _„*.„,.,. ... y e usei. juiizeararvar, 

■ . .. ... j r -,,~.. —3..=o. H , c . cia biy dt, a raw material ror the formation of an interlaver 

nsulation film for semiconductors. In addition the po ly s,lazane according to the present invention ,s advantageous! 
used as a raw material for the formation of an undercoat layer (insulation flattening film) for film liquid crysta, glass or 

9 ma,enal ' n eleCtRC " e ' eCtr0niC SUCh 33 3 9aS - barrier 'aver forming material 
[0051] The polysilazane of the present invention may be also used for hardening coating heat-resistmo. and acid 
resisting coating, anti-fouling coating or water-repellen, coating of a solid surface such as of meta s g " ses ^ p as cs" 

color," S ' 'Ti^ 0 ^ ^ ™* be a PP"*< ^ gas-barner coating of p,ast,c films, for UV-cuf oa fng o 

color coating of glass and plastic materials. 9 

[0052] Incidentally by reacting a polysilazane of the formula (III) with both an amine residue-containing monohv- 
droxy compound of the formula (IV) and a dihydroxyl compound of the formula (V), an amine residue co^nTna 
polysilazane having both a s,lazane structure of the formula (I) and a si.azane structure of the formula (M) 9 


Claims 


Tr^Jr 9 , reS ' dUe - COn ( ta .' n,rl 9 Po'ysilazane having a number average molecular weight of 100-100.000 and having 
a molecular chain containing a silazane structure represented by the general formu!a (I) shown below and/or a s la 
zane structure represented by the general formula (II) shown below. 


R 1 R 2 


N +~ (I) 


O (A) p - B 


^nrfJw ,h ? f a ^ Sta "u Y hydrogen ' 3 ^rocarbyl group or a hydrocarbyl group-containing silyl group A 
tands for a divalent hydrocarbyl group, B stands for an N-hydrocarbyl group-substituted amine residue or a cyclic 

drandthat^s Owh R ^ ? ^ ^ P " ' ^ B ' S group-substituted amine res- 

iaue and that p is 0 when B is a cyclic amine residue, 


R 1 R 2 R l R 2 

| I II 

1 1 II 


(Ii 


O — (A) p - B 2 -(A 2 ) q — O 


and A^ Mrh i h , h J * ^ * h ^° Ca ^ ^ or a hydrocarbyl group-containing silyl group A 

lit r!t h , 3 J Valent hydr ° Carbyl 9™P- B 2 stands for a divalent l.near amine residue or a divalent cyclic 
am,ne residue and p and q are each 0 or 1 with the proviso that p and q are each 1 when is a divalent linear 
arnme residue and that p and q are each 1 or 0 when B is a divalent cyclic amine residue. 

A process for the preparation of an amine residue-containing polysilazane hav.ng a number average molecular 
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weight of 100-100.000 and having a molecular chain containing a silazane structure represented by the general for- 
mula (I) shown below: 

r.1 «2 


Si 


N 


(I) 


w 


O (A) D - B 


wherein R 1 and R 2 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group. A 
15 stands for a divalent hydrocarbyl group. B stands for an N-hydrocarbyl group-substituted amine residue or a cyclic 

amine residue and p is 0 or 1 with the proviso that p is 1 when B is an N-hydrocarbyl group-substituted amine res- 
idue and that p is 0 when B is a cyclic amine residue. 

comprising reacting a polysilazane having a molecular chain containing a silazane structure represented by the 
general formula (III) shown below; 


20 


25 


R 1 R 2 


4- Si — N 4— (III ) 


R 3 


30 

wherein R 1 , R 2 and R 3 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group, 
with the proviso that at least one of R 1 and R 3 represents hydrogen, 

with an amine residue-containing monohydroxyl compound represented by the general formula (IV) shown below: 
35 HO— (A)p-B (IV) 

wherein A, B and p have the same meaning as above, 
in an inert organic solvent having no active hydrogen. 

40 3. A process for the preparation of an amine residue-containing polysilazane having a number average molecular 
weight of 100-100,000 and having a molecular chain containing a silazane structure represented by the general for- 
mula (II) shown below: 

R 1 R 2 R 1 R 2 

45 

II I ! 

— (- Si -N ±- -4- Si — N 4- (II) 


50 


O (A) D - B 2 - (A 2 ) a O 


wherein R and R 2 each stand for hydrogen, a hydrocarbyl group or a hydrocarbyl group-containing silyl group A 
55 and A 2 each stand for a divalent hydrocarbyl group, B 2 stands for a divalent linear amine residue or a divalent cyclic 

amine residue and p and q are each 0 or 1 with the proviso that p and q are each 1 when B 2 is a divalent linear 
amine residue and that p and q are each 1 or 0 when B is a divalent cyclic amine residue, 

comprising reacting a polysilazane having a molecular chain containing a silazane structure represented by the 
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R 1 R 2 


4- Si — N 4 — 

(III) 


1 


w,th an am,ne residue-containing d,hydroxyl compound represented by the general formula (V) shown below: 

HO — (A) p - B 2 -(A 2 ) q _OH (V , 

wherein A, B 2 . p and q have the same meaning as above, 
in an inert organic solvent having no active hydrogen. 
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